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to prevent a bonding wire from blocking light emitted from
a light emitting surface while improving heat dissipation
performance from a light emitting portion. A vehicle lamp
includes a light emitting portion having a light emitting
element, a circuit board, and a heat sink. In this vehicle
lamp, a front region of the heat sink is divided into a first
region and a second region, the light emitting portion is

the second region. A light emitting portion-side terminal
provided in the light emitting portion and a board-side
terminal provided in the circuit board are electrically con-
nected by a bonding wire. The light emitting portion-side
terminal is disposed between a light emitting surface that
covers the light emitting element, and the board-side ter-
minal in front view.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a vehicle
lamp.

BACKGROUND ART

[0002] There is known a conventional semiconductor

optical module thatis mounted with a semiconductor light
source on a disk-shaped module having a conductive
surface and having a good heat transfer property, and
that has a control electronic device integrated therein, in
which the control electronic device is disposed around
the semiconductor light source, the control electronic de-
vice is composed of a circuit board having at least two
conductor path surfaces, the first conductor path surface
is directed outward in the direction of light radiation in an
assembled state and the second conductor path surface
is surrounded by an enclosed cavity provided in the mod-
ule (see PTL 1, for example).

CITATION LIST
PATENT LITERATURE

[0003] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2010-524210

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] The conventional semiconductor optical mod-
ule electrically connect the semiconductor light source
to the circuitboard, but how to connect the semiconductor
light source to the circuit board specifically is not dis-
closed. Therefore, when the semiconductor light source
and the circuit board are electrically connected with a
bonding wire, there is a risk that the bonding wire set up
by bonding to two distant terminals may block light emit-
ted from a light emitting surface of the light source.
[0005] An object of the present disclosure is to provide
avehicle lamp in which it is possible to preventa bonding
wire from blocking light emitted from a light emitting sur-
face.

MEANS FOR SOLVING THE PROBLEM

[0006] In order to achieve the above object, a vehicle
lamp of the present disclosure includes a light emitting
portion having a light emitting element, a circuit board,
and a heat sink. In this vehicle lamp, a front region of the
heatsink is divided into afirst region and a second region,
the light emitting portion is fixed to the first region, and
the circuit board is fixed to the second region. A light
emitting portion-side terminal provided in the light emit-
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ting portion and a board-side terminal provided in the
circuitboard are electrically connected by a bonding wire.
The light emitting portion-side terminal is disposed be-
tween alight emitting surface that covers the light emitting
element, and the board-side terminal in front view.

EFFECT OF THE INVENTION

[0007] Accordingly, it is possible to prevent a bonding
wire from blocking light emitted from a light emitting sur-
face while improving heat dissipation performance from
a light emitting portion.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

[FIG. 1] FIG. 1 is an explanatory diagram illustrating
a vehicle lamp of the present disclosure.

[FIG. 2] FIG. 2 is a front perspective view illustrating
a light source unit of the present disclosure.

[FIG. 3] FIG. 3 is a front exploded perspective view
illustrating the light source unit of the present disclo-
sure.

[FIG. 4] FIG. 4 is a back exploded perspective view
illustrating a heat sink and a light source-side con-
nector provided in the light source unit of the present
disclosure.

[FIG. 5] FIG. 5 is a front view illustrating a light emit-
ting portion, a circuit board, and the heat sink pro-
vided in the light source unit of the present disclo-
sure.

[FIG. 6] FIG. 6 is a sectional view taken along an I-
I line in FIG. 5, illustrating the light emitting portion,
the circuit board, and the heat sink provided in the
light source unit of the present disclosure.

[FIG. 7] FIG. 7 is a front view of the light emitting
portion, illustrating a bonding range which is an al-
lowable angle range in front view for setting a bond-
ing wire of the present disclosure.

[FIG. 8] FIG. 8 is an enlarged sectional view of a part
B in FIG. 6, which illustrates a height relationship
among respective heights in side view of a light emit-
ting portion-side terminal, a board-side terminal hole
portion, and a light emitting surface of the present
disclosure.

MODE FOR CARRYING OUT THE INVENTION

[0009] Hereinafter, a mode for carrying out a vehicle
lamp according to the present disclosure will be de-
scribed on the basis of Embodiment 1 illustrated in the
drawings.

Embodiment 1

[0010] A vehicle lamp 1 in Embodiment 1 is used as a
lamp for a vehicle such as an automobile, and is appli-
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cable, for example, to a head lamp, a fog lamp, a daytime
running lamp, a clearance lamp, a rear lamp and the like.
In the following description, in the vehicle lamp 1, the
direction in which a vehicle travels straight ahead (front-
rear direction) and lightis emitted is defined as the optical
axis direction ("Z" in the drawing, and the direction of
emissionis defined as the front side), the vertical direction
when mounted on the vehicle is defined as the up-down
direction ("Y"inthe drawing), and the direction orthogonal
to the optical axis direction and the up-down direction
(left-right direction) is defined as the width direction ("X"
in the drawing). A configuration of Embodiment 1 will be
divided into an "overall configuration", a "light source unit
configuration", and an "essential configuration" to be de-
scribed below.

[0011] With reference to FIG. 1, the overall configura-
tion will be described. The vehicle lamp 1 includes alamp
housing 11, a lamp lens 12, a reflector 13, and a light
source unit 2, as illustrated in FIG. 1.

[0012] The lamp housing 11 is formed of a light imper-
meable material such as a colored or painted resin ma-
terial, and is hollow with an opened front side and a
blocked rear side. In the lamp housing 11, an attachment
hole 11a that passes through a blocked rear end is pro-
vided. In an edge of the attachment hole 11a, a plurality
of cutout portions and stopper portions are provided at
substantially equal intervals.

[0013] The lamp lens 12 is formed of a light-transmit-
ting member such as a transparent resin member and a
glass member, and is shaped in such a shape that an
opened front end of the lamp housing 11 can be covered.
The lamp lens 12 is fixed to an opening of the lamp hous-
ing 11 in a sealed state, and water-tightness is ensured.
A lamp chamber 14 is formed by sectioning by the lamp
housing 11 and the lamp lens 12.

[0014] Thereflector 13is a lightdistribution control unit
that controls light distribution of emission light emitted
from the light source unit 2, and is fixed to the lamp hous-
ing 11 and the like. The reflector 13 is disposed in the
lamp chamber 14. The reflector 13 is formed in a curved
shape with a focal point near the light emitting portion 31
(described below) of the light source unit 2. The reflector
13 has a reflective surface 13a which is an inner surface
that reflects light, and is provided with an attachment hole
13b at a bottom. The attachment hole 13b has such a
positional relationship as to communicate with the attach-
ment hole 11a of the lamp housing 11 in a state in which
the reflector 13 is disposed in the lamp chamber 14. The
reflector 13 is formed as a separate member from the
lamp housing 11, but may have an integral configuration,
that is, the inner surface of the lamp housing 11 being a
reflective surface, or may have other configuration. In-
stead of the reflector 13 (reflective surface 13a), a light
guide member may be provided on the front side in the
optical axis direction of the light source unit 2 to emit light
at a different position or in a different size region from
the light emitting portion 31, and is not limited to the con-
figuration of Embodiment 1. Thus, even with such a light
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guide member, the vehicle lamp 1 can be used, for ex-
ample, as a headlamp, a fog lamp, a daytime running
lamp, a clearance lamp, or the like.

[0015] The light source unit 2 is disposed in the lamp
chamber 14 through the attachment hole 11a of the lamp
housing 11 and the attachment hole 13b of the reflector
13. The light source unit 2 is removably attached to the
attachment hole 1 1a of the lamp housing 11 with a seal-
ing member 15 (an O-ring, a rubber packing) between
the light source unit 2 and the lamp housing 11. The light
source unit 2 may be provided in the lamp chamber 14
via a vertical optical axis adjustment mechanism and a
horizontal optical axis adjustment mechanism.

[0016] A socket 7 of the light source unit 2 includes a
power source-side connector 6 to which a harness 16 is
connected. A socket main body 71 of the socket 7 has a
peripheral wall 71a, a flange wall 71b, and attachment
protrusions 71d.

[0017] Now, a configuration of the light source unit 2
will be described with reference to FIG. 2 to FIG. 4. The
light source unit 2 is a socket type module that integrates
a light source 3, a heat sink 4, a light source-side con-
nector 5, the power source-side connector 6, and the
socket 7 in a compact manner (see FIG. 1 and FIG. 3).
[0018] As illustrated in FIG. 2 and FIG. 3, the light
source 3 has the light emitting portion 31, a circuit board
32, and a pair of bonding wires 33.

[0019] The light emitting portion 31 emits light by ap-
plying a drive voltage from the circuit board 32 to a light
emitting element, and is fixed directly at the central po-
sition of a front region when the front surface of the heat
sink 4 is viewed from the optical axis direction. The light
emitting portion 31 has a submount substrate 31a, a pair
of light emitting portion-side terminals 31b, light emitting
chips 31c, a thermally conductive adhesive layer 31d,
and a light emitting surface 31e. A configuration of the
light emitting portion 31 will be below described in detail.
[0020] The circuit board 32 produces a drive voltage
to be applied to the light emitting portion 31 on the basis
of a control command from a lamp control circuit (not
illustrated) installed in the vehicle, and is fixed directly to
a front region in the optical axis direction of the heat sink
4, excluding a region where the light emitting portion 31
is fixed. The circuit board 32 is provided with a semicon-
ductor device drive circuit with capacitors 32f and other
components. In addition, the circuit board 32 includes a
pair of caulking hole portions 32a, a pair of curved hole
portions 32b, a pair of terminal connection hole portions
32c, a pair of board-side terminals 32d, and an adhesive
sheet 32e. A detailed configuration of the circuit board
32 will be described below.

[0021] Each bonding wire 33 is an electrically conduc-
tive metal conductor, and both ends of the wire are bond-
ed to the light emitting portion-side terminal 31b and the
board-side terminal 32d by a wire bonding technology
using ultrasonic vibration. The detailed configuration of
the bonding wires 33 will be described below.

[0022] The heat sink 4 is a heat dissipation member
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that transfers heat generated by the light emitting portion
31 to the socket 7, and is formed by die-cast aluminum
with high thermal conductivity. As illustrated in FIG. 3 and
FIG. 4, the heat sink 4 integrally has a first region 41, a
second region 42, a fin portion 43, and a pair of position-
ing protrusion portions 46. The heat sink 4 may be formed
of other metal material with high thermal conductivity or
a resin material with high thermal conductivity.

[0023] The firstregion 41 is a surface to which the light
emitting portion 31 is directly fixed, and is formed in an
upper region of the front region when the front region of
the heat sink 4 is divided into two regions, as illustrated
in FIG. 3. The first region 41 is flat and has a higher
surface protruding in the optical axis direction with re-
spect to the second region 42. A detailed configuration
of the first region 41 will be described below.

[0024] The second region 42 is a surface to which the
circuit board 32 is directly fixed, and is formed in a lower
region of the front region when the front region of the
heat sink 4 is divided into two regions, as illustrated in
FIG. 3. The second region 42 is flat and has a lower
surface in the optical axis direction than the first region
41. In the second region 42, a pair of terminal insertion
hole portions 42a are provided through in the optical axis
direction. Furthermore, on the rear side viewed from the
opposite side in the optical axis direction when the sec-
ond region 42 is defined as the front side, a pair of first
protrusions 42b and a pair of second protrusions 42c are
provided, as illustrated in FIG. 4. The first protrusions
42b are disposed at left and right positions with a pair of
the terminal insertion hole portions 42a interposed ther-
ebetween in the width direction. The second protrusions
42c are located at such left and right positions with the
pair of first protrusions 42b interposed therebetween in
the width direction. A detailed configuration of the second
region 42 will be described below.

[0025] The fin portion 43 creates a heat dissipation
path that transfers heat transferred from the light emitting
portion 31 to the socket 7. As illustrated in FIG. 4, the fin
portion 43 is provided so as to protrude rearward in the
optical axis direction from the back side of the first region
41 where the light emitting portion 31 is fixed. The fin
portion 43 has a plurality of parallel fins 43a in the hori-
zontal direction and a plurality of connecting fins 43b in
the up-down direction. The parallel fins 43a are provided
in parallel by interposing predetermined intervals in the
up-down direction, and the connecting fins 43b are pro-
vided by bridging the respective parallel fins 43a in the
up-down direction. Therefore, the fin portion 43 is con-
figured such that the four parallel fins 43a and the two
connecting fins 43b are assembled in a grid pattern, and
the parallel fins 43a and the connecting fins 43b are con-
nected at intersections.

[0026] The positioning protrusion portions 46 caulk
andfix the circuitboard 32 to the heatsink 4. Asiillustrated
in FIG. 2 and FIG. 3, a pair of the protrusions 46 are
disposed in left and right positions in the width direction
of the second region 42 across the first region 41. A pair
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of the positioning protrusion portions 46 with cylindrical
shapes are inserted into a pair of the caulking hole por-
tions 32a of the circuit board 32 to crush and deform tips
protruding from the circuit board 32.

[0027] The light source-side connector 5 generates a
light source-side power supply path to the circuit board
32 and is fixed in a built-in state at a bottom of the socket
7, as illustrated in FIG. 3 and FIG. 4. The light source-
side connector 5 has a pair of power supply-side terminal
bars 51a, a pair of power source-side terminal bars 51b,
and a power supply insulating portion 52. The pair of
power supply-side terminal bars 51a protrude from one
end surface 52a of the power supply insulating portion
52 and are inserted into the pair of terminal connection
hole portions 32c through the pair of terminal insertion
hole portions 42a. The power supply-side terminal bars
51a are fixed to the terminal connection hole portions
32c by soldering tips thereof. The pair of power source-
side terminal bars 51b protrude from other end surface
52b of the power supply insulating portion 52 and are
electrically connected to the power source-side connec-
tor 6.

[0028] The power source-side connector 6 generates
a power source-side power supply path to the circuit
board 32 and is fixed to the socket 7 by fitting to the socket
7 behind and below a socket heat dissipation portion 72
(described below) (see FIG. 1). The power source-side
connector 6 has one end connected to the light source-
side connector 5, and the other end connected to the
harness 16. That is, the light source-side connector 5,
the power source-side connector 6, and the harness 16
form the power supply path from the power source to the
circuit board 32.

[0029] The socket 7 incorporates the heat sink 4 and
has a heat dissipation function to dissipate heat conduct-
ed from the heat sink 4 to the outside. As illustrated in
FIG. 2 and FIG. 3, the heat sink 4 with the light source 3
on the front side in the optical axis direction is incorpo-
rated by fitting. The socket 7 is formed of a resin material
with high thermal conductivity, and integrally includes the
socket main body 71 provided on the front side in the
optical axis direction and the socket heat dissipation por-
tion 72 provided on the back side in the optical axis di-
rection.

[0030] The socket main body 71 is the part into which
the heat sink 4 is incorporated. The socket main body 71
has the peripheral wall 71a, the flange wall 71b, the at-
tachment protrusions 71d, a groove portion 71e, a pair
of positioning holes 71g. The peripheral wall 71a is
formed in a cylindrical shape extending in the optical axis
direction. The flange wall 71b is formed by a stepped
surface extending in the outer radial direction from the
back side of the peripheral wall 71a. The attachment pro-
trusions 71d are formed in projecting shapes protruding
in the outer radial direction from four locations on the
peripheral wall 71a. The groove portion 71e is formed
inside the cylindrical peripheral wall 71a and is a part into
which the fin portion 43 of the heat sink 4 is fitted, and is
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formed in an inverted shape of the fin portion 43. The
groove portion 71e is coated with thermal conductive
grease 100. Each positioning hole 71g is formed in such
ashape as toallow insertion of the second protrusion 42c.
[0031] The socket heat dissipation portion 72 is a part
that functions to dissipate heat to the outside and has
socket fins 72a made of a plurality of vertical plates pro-
truding to the back side in the optical axis direction. A
plurality of the vertical plates composing the socket fins
72a are provided in parallel with predetermined intervals
in the width direction to ensure a large heat exchange
area with the outside.

[0032] Now, essential configurations of the light emit-
ting portion 31, the circuit board 32, the bonding wires
33, and the heat sink 4 will be described with reference
to FIG. 5to FIG. 8.

[0033] AsillustratedinFIG.5 and FIG. 6, the light emit-
ting portion 31 includes the submount substrate 31a, the
pair of light emitting portion-side terminals 31b, the light
emitting chips 31c, the thermally conductive adhesive
layer 31d, and the light emitting surface 31e.

[0034] The submountsubstrate 31aisformedina rec-
tangle viewed from the front side in the optical axis di-
rection, and the pair of light emitting portion-side termi-
nals 3 1b and the light emitting chips 31c are fixed to the
front side of the board in the optical axis direction. This
submount substrate 31a is provided with an electrical
circuit that electrically connects the light emitting portion-
side terminals 31b to a semiconductor device that emits
light.

[0035] The pair of light emitting portion-side terminals
31b are square-shaped LED electrode terminals to which
one ends of the bonding wires 33 are bonded, and are
located and fixed at the front and lower left and right po-
sitions of the submount substrate 31a.

[0036] Eachlightemitting chip 31cincorporates alight-
emitting diode (LED), emits light from the rectangular light
emitting surface 31e with the width direction as a long
side in front view, and is disposed and fixed at the front
upper side of the submount substrate 31a. When the light
emitting chips 31c are applied to a vehicle lamp that uses
the light guide member described above, the light emit-
ting surface 31e of the light emitting chips 31c are each
disposed at a position close to an incident surface of the
light guide member. Herein, the light emitting elements
incorporated into the light emitting chips 31c are not lim-
ited to LEDs, but may also be other self-luminous semi-
conductor devices such as LD chips (laser diode chips)
and EL (organic EL). In Embodiment 1, as illustrated in
FIG. 5, the four light emitting chips 31c are mounted in
a horizontal arrangement, and the overall four light emit-
ting chips 31c are covered by the rectangular light emit-
ting surface 31e. However, the number of the light emit-
ting chips 31c is not limited to four, as long as one or
more are used in the example. When a plurality of the
light emitting chips 31c are used, the arrangement is not
limited to horizontal arrangement, but can also be vertical
arrangement, or combination of horizontal arrangement

10

15

20

25

30

35

40

45

50

55

and vertical arrangement.

[0037] The thermally conductive adhesive layer 31d
adheres and fixes the submount substrate 31a to the
front surface of the heat sink 4, and is an adhesive layer
formed by a thermally conductive adhesive having ther-
mal conductivity. Herein, the thermally conductive adhe-
sive refer to adhesives that are composites of epoxy,
silicone, acrylic, or other resin adhesives with metals or
ceramics with high thermal conductivity added as fillers.
[0038] As illustrated in FIG. 5 and FIG. 6, the circuit
board 32 includes the pair of caulking hole portions 32a,
the pair of curved hole portions 32b, the pair of terminal
connection hole portions 32c, the pair of board-side ter-
minals 32d, and the adhesive sheet 32e.

[0039] The pair of caulking hole portions 32a are pro-
vided one by one on the left and right sides of a board
cutout portion 32g. The positioning protrusion portion 46
of the heat sink 4 is inserted into each of the caulking
hole portions 32a and the tips of the positioning protrusion
portions 46 are crushed and deformed, so that the circuit
board 32 is caulked and fixed to the heat sink 4.

[0040] The pair of curved hole portions 32b are each
provided at a position between one of the pair of caulking
hole portions 32a and the substrate cutout portion 32g,
and are each formed in a curved shape in a predeter-
mined angular range.

[0041] The pair of terminal connection hole portions
32c are provided left and right below the board cutout
portion 32g. The respective terminal connection hole por-
tions 32c are provided at such corresponding positions
as to overlap the left and right terminal insertion hole
portions 42a in the optical axis direction when the circuit
board 32 is mounted on the front surface of the heat sink
4. The power supply-side terminal bars 51a are each
inserted into the terminal connection hole portion 32c.
On the front side of each of the terminal connection hole
portions 32c, the terminal connection hole portion 32c
and the power supply-side terminal bar 51a are electri-
cally connected via soldering (not illustrated).

[0042] The pair of board-side terminals 32d are pro-
vided left and right between the board cutout portion 32g
and the terminal connection hole portions 32c¢ that are
disposed in the vertical direction, and are each a rectan-
gular board pad terminal, to which the other end of the
bonding wire 33 is bonded. The pair of board-side termi-
nals 32d are located on the outer sides in the width di-
rection with respect to the positions of the pair of light
emitting portion-side terminals 31b in a state in which the
light emitting portion 31 and the circuit board 32 are
mounted on the heat sink 4.

[0043] The adhesive sheet 32¢e is a sheet that fixes the
circuit board 32 to the front of the heat sink 4, and is a
tape form sheet made of a material such as an epoxy
resin adhesive, a silicone resin adhesive, and an acrylic
resin adhesive (see FIG. 3). In the adhesive sheet 32e,
parts corresponding to the caulking hole portions 32a of
the circuit board 32, the curved hole portions 32b, and
the terminal connection hole portions 32c are cut out.
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The adhesive sheet 32e may be in a liquid form, a fluid
form, or the like, instead of the tape form.

[0044] The pair of bonding wires 33 have both ends
that are bonded to the light emitting portion-side terminals
31b and the board-side terminals 32d by a wire bonding
method using ultrasonic vibration, and are made of a
strip-shaped metal material (e.g., a strip-shaped alumi-
num material). By bonding the bonding wires 33, the two
sets of terminal assemblies by the light emitting portion-
side terminals 31b and the board-side terminals 32d are
electrically connected to each other via the pair of bond-
ing wires 33. Herein, the "wire bonding method" refers to
amethod of solid-phase bonding by preparing a process-
ing environment using a jig and applying ultrasonic vi-
bration from a bonding capillary, and has an advantage
of less material degeneration because bonding is possi-
ble at a low temperature.

[0045] The heat sink 4 divides the circular front region
into the first region 41 for directly fixing the light emitting
portion 31 and the second region 42 for directly fixing the
circuit board 32.

[0046] As illustrated in FIG. 5, the first region 41 is di-
vided into a T-shaped region, which is combination of a
first arcuate region that is above a front circular region
of the heat sink 4 in front view, and a first rectangular
region that extends downward from the center of the first
arcuate region.

[0047] As illustrated in FIG. 5, the second region 42 is
divided into a U-shaped region, which is combination of
a second arcuate region that is below the front circular
region of the heat sink 4 in front view, and a pair of second
rectangular regions extending upward from the left and
right sides of the second arcuate region, respectively.
[0048] When the light emitting portion 31 is fixed in the
first region 41 and the circuit board 32 is fixed in the sec-
ondregion 42, the light emitting portion 31 is fixed directly
to a position on the lower side of the first rectangular
region, which is the center of the front circular region of
the heat sink 4 in the T-shaped first region 41. The circuit
board 32 is fixed directly to almost the overall region of
the U-shaped second region 42. A region where the first
arcuate region above the front circular region is combined
with the upper side of the first rectangular region in the
first region 41 of the heat sink 4 is a region where the
front of the heat sink 4 is exposed.

[0049] Next, position setting of the light emitting por-
tion-side terminals 31b provided on the light emitting por-
tion 31 in front view will be described with reference to
FIG. 5. The light emitting portion-side terminals 31b are
disposed between the light emitting surface 31e that cov-
ers the light emitting chips 31c, and the board-side ter-
minals 32d, in front view. In other words, the light emitting
portion-side terminal 31b on the right side in front view
is located in a region F surrounded by connecting four
points, namely, a point P1 at the center in the left-right
direction of the light emitting surface 31e, an end point
P2 at a lower right side of the light emitting surface 31e,
and both end points P3 and P4 at an upper side of the
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board-side terminal 32d, and also within the submount
substrate 31a. The light emitting portion-side terminal
31b on the left side in front view is disposed in a similar
manner. That is, when setting positions of the light emit-
ting surface 31e and the board-side terminals 32d are
predetermined, the arrangement of the light emitting por-
tion-side terminals 3 1b are set such that the both ends
of each of the bonding wires 33 are bonded and fixed to
the light emitting portion-side terminal 31b and the board-
side terminal 32d, and the bonding wires 33 do not cross
over the light emitting surface 31e, or pass over the light
emitting surface 31e.

[0050] Now, an angular range in front view for setting
each bonding wire 33 will be described with reference to
FIG. 7. First, an angular range that is an allowable angle
range in front view for setting the bonding wire 33, and
that is set by a minimum angle line Lmin and a maximum
angle line Lmax passing a bonding center position of the
light emitting portion-side terminal 3 1b is defined as a
bonding range A (see FIG. 7). At this time, the minimum
angle line Lmin (line at angle = 0°) of the bonding range
Ais set by a first parallel line parallel to a vertical line YL
passing through a center position O of the light emitting
surface 31e. The maximum angle line Lmax (line atangle
=90°) of the bonding range A is set by a second parallel
line parallel to a horizontal line XL passing through the
center position O of the light emitting surface 31e.
[0051] The angle in front view of the bonding wire 33
is set to an angle included in the bonding range A and in
an intermediate angular range between the minimum an-
gle line Lmin and the maximum angle line Lmax (i.e.,
angle = about 45° = 10°). That is, when the both respec-
tive ends of the bonding wire 33 are bonded to the light
emitting portion-side terminal 31b and the board-side ter-
minal 32d, the setting angle of the bonding wire 33 is set
such that the bonding wire is disposed to be the farthest
from a bonding inhibition range C on the minimum angle
line Lmin side and a bonding inhibition range D on the
maximum angle line Lmax side. Herein, the "bonding in-
hibition range C" is preferably set to a range extended
by about 45° from the minimum angle line Lmin to the
minus side. The "bonding inhibition range D" is preferably
set to a range extended by about 45° from the maximum
angle line Lmax to the plus side.

[0052] Now, a height relationship among heights in
side view perpendicular to the optical axis of the light
emitting portion-side terminal 31b, the board-side termi-
nal 32d, and the light emitting surface 31e will be de-
scribed with reference to FIG. 8. The height h2 in side
view of the light emitting portion-side terminal 31b is set
lower than the height h1 in side view of the light emitting
surface 31e. The height h2 in side view of the light emit-
ting portion-side terminal 31b is set to the same position
as the height h3 in side view of the board-side terminal
32d, or a position higher than the height h3 in side view
of the board-side terminal 32d (h1 > h2 > h3). That is,
the relationship between the heighth2 of the light emitting
portion-side terminal 31b and the height h3 of the board-
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side terminal 32d in side view is set in consideration of
preventing interference between the bonding wire 33 and
peripheral members (such as light guide member) dis-
posed close to the front side in the optical axis direction
of the light emitting surface 31e, and a height difference
(h2 - h3) should be 0 (zero) or more.

[0053] In Embodiment 1, as illustrated in FIG. 8, the
bonding wire 33 keeps the height protruding in the optical
axis direction lower, and therefore the height h2 of the
light emitting portion-side terminal 31b is set lower than
the height h1 of the light emitting surface 31e, and higher
than the height h3 of the board-side terminal 32d (h1 >
h2 > h3). Herein, when a reference surface (h = 0) is set
at a predetermined position on the far side in the optical
axis direction from the front of the heat sink 4, the "height
h" refers to the height from the reference surface to the
light emitting surface 31e in the case of the height h1 of
the light emitting surface 31e, and refers to the height
from the reference surface to the surface of each of the
terminals 31b and 32d in the case of the height h2 of the
light emitting portion-side terminal 3 1b and the height
h3 of the board-side terminal 32d.

[0054] The firstregion 41 and the second region 42 of
the heat sink 4 are connected by an inclined surface 44,
and forms a stepped surface with different heights of the
region surfaces. The stepped surface is set such that a
height H1 in side view of the first region 41, to which the
light emitting portion 31 is fixed, is higher than a height
H2 in side view of the second region 42, to which the
circuit board 32 is fixed (H1 > H2).

[0055] The stepped surface is set such that the height
H1 in side view of the first region 41, to which the light
emitting portion 31 is fixed, is higher than the height H2
in side view of the second region 42, so that the thickness
in the optical axis direction of the first region 41 in the
heatsink 4 is thicker than the thickness in the optical axis
direction of the second region 42 (see FIG. 6). Herein,
when areference surface (H=0)is setatapredetermined
position from the front of the heat sink 4 toward the back
side in the optical axis direction, the "height H" refers to
the height from the reference surface to the surface of
the first region 41 in the case of the height H1 in side
view of the first region 41. In the case of the height H2 in
side view of the second region 42, the "height H" refers
to the height from the reference surface to the surface of
the second region 42.

[0056] Now, actions in Embodiment 1 will be divided
into a "light source unit assembly action", a "light source
unit heat dissipation action", and "light source unit char-
acteristic action" to be described.

[0057] The assembly action of the light source unit 2
will be described. First, as illustrated in FIG. 3, the light
source-side connector 5 is inserted and fixed to the sock-
et 7 by fitting.

[0058] Now, the light emitting portion 31 is attached to
the heat sink 4. At this time, the light emitting portion 31
is fixed directly to the first region 41 of the heat sink 4 by
a thermal conductive adhesive. The circuit board 32 is
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then fixed directly to the second region 42 of the heat
sink 4 by the adhesive sheet 32e. Next, the positioning
protrusion portions 46 of the heat sink 4 are inserted into
the caulking hole portions 32a of the circuit board 32 and
caulked by crushing the tips of the positioning protrusion
portions 46. Consequently, the circuit board 32 is caulked
and fixed to the heat sink 4. Next, the both ends of the
bonding wires 33 are bonded to the left and right light
emitting portion-side terminals 3 1b and the left and right
board-side terminals 32d by the wire bonding method
using ultrasonic vibration.

[0059] The heat sink 4, to which the light emitting por-
tion 31, the circuit board 32, and the bonding wires 33
are attached, is then fixed to the socket 7 to be assem-
bled. At this time, the groove portion 71e of the socket 7
is coated with the thermal conductive grease 100. Next,
the second protrusions 42c of the heat sink 4 are inserted
into the positioning holes 71g of the socket 7. The heat
sink 4 and the socket 7 are then fixed together with an
adhesive. During this fixing operation, the fin portion 43
of the heat sink 4 is progressively fitted into the groove
portion 71e of the socket 7, due to the positioning action
of the second protrusions 42c of the heat sink 4 and the
positioning holes 71g of the socket 7.

[0060] Then, on the front side of the circuit board 32,
the power supply-side terminal bars 51a of the light
source-side connector 5 and the terminal connection hole
portions 32c of the circuit board 32 are soldered so as to
be electrically connected to each other. The light source
unit 2 is assembled via the assembly procedure de-
scribed above.

[0061] Inrecentyears,the useof LEDsinvehiclelamps
has been increasing, and the demand for higher output
and higher brightness with a single LED is increasing due
to miniaturization and reduction in the number of com-
ponents through new designs. However, the high power
output of LEDs results in high heat generation, and more
efficient heat dissipation performance is desired.

[0062] The light emitting portion 31 of the light source
unit 2 is directly fixed to the first region 41 of the heat sink
4 by a thermally conductive adhesive. In other words, a
heat sink mounting structure in which the LEDs are
mounted directly on the heat sink 4 is employed. There-
fore, the heat generated from the light emitting portion
31 is directly conducted to the heat sink 4. The heat con-
ducted to the heat sink 4 is then conducted from the fin
portion 43 of the heat sink 4 to the socket 7. At this time,
the fin portion 43 of the heat sink 4 and the groove portion
71e of the socket 7 are close to each other through the
thermal conductive grease 100, and therefore the heat
from the heat sink 4 is efficiently conducted to the socket
7. The heat conducted to the socket 7 is then dissipated
to the outside from the socket heat dissipation portion 72
of the socket 7.

[0063] Thus, the light source unit 2 has the heat sink
mounting structure of the light emitting portion 31, and
therefore heat dissipation performance is improved com-
pared to a board mounting structure of the light emitting
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portion. Herein, the board mounting structure of the light
emitting portion refers to a structure in which the LED
light emitting chip, which is the light emitting portion, is
provided on an upper surface of the circuit board, as de-
scribed, for example, in Japanese Patent Laid-open No.
2013-247062.

[0064] In Embodiment 1, the first region 41 and the
second region 42 form the stepped surface in which the
first region 41 is higher, and the heat sink thickness in
the optical axis direction of the first region 41, to which
the light emitting portion 31 is directly fixed, is thicker
than the heat sink thickness of the second region 42, to
which the circuit board 32 is directly fixed.

[0065] Accordingly, inthe heat sink 4, the heat capacity
of the first region 41, to which the light emitting portion
31isdirectly fixed, is larger than that of the second region
42. Therefore, when heat generation from the light emit-
ting portion 31 continues and the temperature of the light
emitting portion 31 is about to rise due to heat balance
in which an amount of heat generated is greater than an
amount of heat dissipated, the amount of heat dissipated
by the heat sink 4 is higher than that in a case where the
heat sink thicknesses are the same. As a result, the dif-
ference between the amount of heat generated by the
lightemitting portion 31 and the amount of heat dissipated
by the heat sink 4 is kept small, and it is possible to ef-
fectively suppress the temperature rise of the light emit-
ting portion 31.

[0066] In Embodiment 1, the light emitting portion-side
terminals 31b provided in the light emitting portion 31,
and the board-side terminals 32d provided in the circuit
board 32 are electrically connected by the bonding wires
33. At this time, the light emitting portion-side terminals
31b are disposed between the light emitting surface 31e,
which covers the light emitting chips 31c, and the board-
side terminals 32d in front view.

[0067] Thatis, the positions ofthe light emitting portion-
side terminals 31b are determined with the set position
of the light emitting surface 31e and the set positions of
the board-side terminals 32d as a reference. Therefore,
when the both ends of each of the bonding wires 33 are
bonded and fixed to the light emitting portion-side termi-
nal 31b and the board-side terminal 32d, the bonding
wires 33 are disposed at such positions as to diverge
from the light emitting surface 31e without interfering with
the light emitting surface 31e. Accordingly, the bonding
wires 33 do not cross over the light emitting surface 31e
or do not interfere with a part of the light emitting surface
31e. As aresult, the bonding wires 33 can be prevented
from blocking light emitted from the light emitting surface
31e.

[0068] In Embodiment 1, the allowable angular range
in the front view for setting the bonding wire 33, and the
angular range set by the minimum angle line Lmin and
the maximum angle line Lmax passing through the bond-
ing center position of the light emitting portion-side ter-
minal 31b refers to the bonding range A. At this time, the
minimum angle line Lmin of the bonding range A is set
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by the first parallel line parallel to the vertical line YL pass-
ing through the center position O of the light emitting sur-
face 31e.

[0069] That is, in Embodiment 1, the minimum angle
line Lmin of the bonding range A is set by the first parallel
line parallel to the vertical line YL passing through the
center position O of the light emitting surface 31e, so that
the pair of bonding wires 33 are set at such angles as to
open more widely with respect to the vertical parallel ar-
rangement in the up-down direction in front view. There-
fore, the pair of bonding wires 33 can be prevented from
intersecting each other. In addition, it is possible to pre-
vent interference with peripheral unit components (e.g.,
the capacitors 32f or the like), which are located at such
inner positions that the pair of bonding wires 33 approach
each other (see FIG. 7).

[0070] InEmbodiment1,the maximum angleline Lmax
of the bonding range A is set by the second parallel line
parallel to the horizontal line XL passing through the cent-
er position O of the light emitting surface 31e.

[0071] Thatis, in Embodiment 1, the maximum angle
line Lmax of the bonding range A is set by the second
parallel line parallel to the horizontal line XL passing
through the center position O of the light emitting surface
31e, so that the pair of bonding wires 33 are set at such
angles as to close with respect to a straight line arrange-
ment extended in the horizontal direction in the front view.
Therefore, it is possible to prevent interference with pe-
ripheral unitcomponents (e.g., the positioning protrusion
portions 46 for fixing the circuit board 32 to the heat sink
4, or the like) that are located at such outer positions that
the pair of bonding wires 33 are separated from each
other (see FIG. 7).

[0072] InEmbodiment 1,the anglein frontview of each
bonding wire 33 is setto the angle included in the bonding
range A and in the intermediate angular range between
the minimum angle line Lmin and the maximum angle
line Lmax.

[0073] Thatis, in Embodiment 1, the bonding wires 33
are each set at the angle in the intermediate angular
range of the minimum angle line Lmin and the maximum
angle line Lmax, so that the pair of bonding wires 33 are
set by angular arrangement in which the pair of bonding
wires 33 are opened at about 45° on the both sides in
front view (= truncated chevron shape arrangement), as
illustrated in FIG. 5. Therefore, the pair of bonding wires
33 are located at the most deviated positions from the
capacitor 32f and the positioning protrusion portions 46
that are the peripheral unit components. Accordingly, a
region where the jig to be used in the wire bonding method
is set is secured, and a sufficient distance is secured
between a bonding capillary and the peripheral unit com-
ponents is secured. As aresult, the interference between
the pair of bonding wires 33 and the peripheral unit com-
ponents can be reliably prevented. In addition, bonding
work using the wire bonding method can be performed
smoothly without any problems.

[0074] In Embodiment 1, the height h2 in side view of
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the light emitting portion-side terminal 31b is set lower
than the height h1 in side view of the light emitting surface
31e. The height h2 in side view of the light emitting por-
tion-side terminal 31b is set higher than the height h3 in
side view of the board-side terminal 32d.

[0075] Thatis, in Embodiment 1, the light emitting por-
tion-side terminals 31b and the board-side terminals 32d
are disposed further away from the peripheral members
than the light emitting surface 31e. Therefore, the bond-
ing wires 33 connecting the light emitting portion-side
terminals 31b and the board-side terminals 32d are dis-
posed such that the deviation distance from the periph-
eral members (such as a light guide member E) is se-
cured even when the bonding wires 33 are each in such
a curved state as to protrude in the optical axis direction,
asillustrated in FIG. 8. As a result, when peripheral mem-
bers such as the light guide member E and an inner lens
are placed close to the front side of the light emitting
surface 31einthe optical axis direction, the bonding wires
33 can be prevented from interfering with the peripheral
members such as the light guide member E and the inner
lens. In particular, in application to the vehicle lamp 1,
the light source unit 2 is mounted while rotating, and
therefore it is possible to prevent interference with pe-
ripheralmembers when the light source unit 2 is mounted.
[0076] In Embodiment 1, the first region 41 and the
second region 42 of the heat sink 4 are formed on the
stepped surface, the stepped surface is set such that the
height H1 in the side view of the first region 41, to which
the light emitting portion 31 is fixed, is higher than the
height H2 in the side view of the second region 42, to
which the circuit board 32 is fixed.

[0077] Thatis,in Embodiment 1, the firstregion 41 and
the second region 42 of the heat sink 4 are formed on
the stepped surface, the height H1 of the first region 41
is set higher than the height H2 of the second region 42.
Therefore, when the light emitting portion 31 is fixed to
the surface of the first region 41 and the circuit board 32
is fixed to the surface of the second region 42, the rela-
tionship among the height h1 in side view of the light
emitting surface 31e, the height h2 in side view of the
light emitting portion-side terminals 31b, and the height
h3 in side view of the board-side terminals 32d (h1 > h2
> h3) is established. Accordingly, it is possible to easily
obtain the setting of the relationship of the heights h1,
h2, and h3 in side view that can prevent interference be-
tween the peripheral members and the pair of bonding
wires 33 that are disposed close to the front side in the
optical axis direction of the light emitting surface 31e,
without requiring any device by setting the light emitting
portion or the thickness of the board. In addition, the
height H1 in side view of the first region 41 is set higher
than the height H2 in side view of the second region 42,
so that the thickness of the heat sink 4 in the first region
41, to which the light emitting portion 31 is fixed, can be
made thicker than that in the second region 42, and it is
possible to achieve further improvement of heat dissipa-
tion efficiency.
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[0078] As described above, the vehicle lamp 1 in Em-
bodiment 1 has the following effects.

(1) In the vehicle lamp 1 including the light emitting
portion 31 having the light emitting element, the cir-
cuit board 32, and the heat sink 4, the front region
of the heat sink 4 is divided into the first region 41
and the second region 42, the light emitting portion
31 is fixed to the first region 41, and the circuit board
32 is fixed to the second region 42, the light emitting
portion-side terminals 31b provided in the light emit-
ting portion 31 and the board-side terminals 32d pro-
vided in the circuit board 32 are electrically connect-
ed by the bonding wires 33, and the light emitting
portion-side terminals 31b are disposed between the
light emitting surface 31e that covers the light emit-
ting element, and the board-side terminals 32d in
front view. Therefore, it is possible to prevent the
bonding wires 33 from blocking light emitted from
the light emitting surface 31e while improving heat
dissipation performance from the light emitting por-
tion 31.

(2) When the angular range that is the allowable an-
gle range in front view for setting each bonding wire
33, and that is set by the minimum angle line Lmin
and the maximum angle line Lmax passing through
the bonding center position of the light emitting por-
tion-side terminal 31b refers to the bonding range A,
the minimum angle line Lmin of the bonding range
A'is set by the first parallel line parallel to the vertical
line YL passing through the center position O of the
light emitting surface 31e. Therefore, the pair of
bonding wires 33 can be prevented from intersecting
each other, and it is possible to prevent interference
with the peripheral unit components which are locat-
ed at such inner positions that the pair of bonding
wires 33 approach each other.

(3) The maximum angle line Lmax of the bonding
range A is set by the second parallel line parallel to
the horizontal line XL passing through the center po-
sition O of the light emitting surface 31e. Therefore,
itis possible to prevent interference with the periph-
eral unit components that are located at such outer
positions that the pair of bonding wires 33 are sep-
arated from each other.

(4) The angle in front view of each bonding wire 33
is set to the angle included in the bonding range A
and in the intermediate angular range between the
minimum angle line Lmin and the maximum angle
line Lmax. Therefore, the interference between the
pair of bonding wires 33 and the peripheral unit com-
ponents can be reliably prevented. In addition, bond-
ing work using the wire bonding method can be per-
formed smoothly without any problems.

(5) The height h2 in side view of each light emitting
portion-side terminal 31b is set lower than the height
h1 in side view of the light emitting surface 31e. The
height h2 in side view of each light emitting portion-
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side terminal 31b is set to the same height position
as the height h3 in side view of each board-side ter-
minal 32d or set higher than that of each board-side
terminal 32d. Therefore, when the peripheral mem-
bers are placed close to the front side in the optical
axis direction of the light emitting surface 31e, the
bonding wires 33 can be prevented from interfering
with the peripheral members.

(6) The first region 41 and the second region 42 of
the heat sink 4 are formed on the stepped surface,
and the stepped surface is set such that the height
H1 in side view of the first region 41, to which the
light emitting portion 31 is fixed, is higher than the
height H2 in side view of the second region 42, to
which the circuit board 32 is fixed. Therefore, it is
possible to easily obtain the setting of the relation-
ship of the heights that can prevent interference be-
tween the peripheral members and the bonding
wires 33 that are disposed close to the front side in
the optical axis direction of the light emitting surface
31e, as the height relationship among the respective
heights in side view of the light emitting portion-side
terminal 31b, the board-side terminal 32d, and the
light emitting surface 31e.

[0079] Thus, the vehicle lamp 1 of the present disclo-
sure is described on the basis of Embodiment 1. How-
ever, the specific configuration is not limited to Embodi-
ment 1, and design changes, additions, or the like are
permitted as long as they do not depart from the gist of
the invention claimed in each claim.

[0080] In Embodiment 1, as the division arrangement
of the light emitting portion 31 and the circuit board 32,
the light emitting portion 31 is disposed at the center of
the front region of the heat sink 4, and the circuit board
32isdisposed in aregion surrounded by the lower portion
and the both side portions of the light emitting portion 31.
However, the division arrangement of the light emitting
portion and the circuit board is not limited to the division
arrangement in Embodiment 1, but includes submount
type by various division arrangement. For example, the
light emitting portion may be disposed at the center of
the front region of the heat sink, the circuit board may be
disposed in a region surrounded by an upper portion and
the both side portions of the light emitting portion. Alter-
natively, the light emitting portion may be disposed at the
center of the front region of the heat sink, and the circuit
board may be disposed so as to surround the whole cir-
cumference of the light emitting portion. Furthermore, a
circuit board may be provided with a plurality of light emit-
ting portion setting holes, and a plurality of light emitting
portions may be arranged in scattered locations in the
circuit board.

[0081] In Embodiment 1, as the heat sink 4, the first
region 41 and the second region 42, into which the front
region of the heat sink 4 is divided, are formed in the
stepped surface. However, as the heat sink, for example,
the front region is formed on the same plane, and a
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boundary line for dividing the first region and the second
region in the same plane may be determined.

[0082] InEmbodiment 1,the anglein frontview of each
bonding wire 33 is setto the angle included in the bonding
range A and in the intermediate angular range of the min-
imum angle line Lmin and the maximum angle line Lmax.
However, the bonding wire angle setting is not limited to
the angle setting of Embodiment 1. In short, a bonding
range that can be set and an optimal bonding wire setting
angle may differ depending on a submount type mode
to be used. Accordingly, even an angle outside the bond-
ing range A illustrated in Embodiment 1 may be accept-
able as the bonding wire setting angle.

[0083] Embodiment 1 shows application to the vehicle
lamp 1 including the socket type module light source unit
2 that integrates the light source 3, the heat sink 4, the
light source-side connector 5, the power source-side con-
nector 6, and the socket 7. However, the applicable ve-
hicle lamp is not limited to the vehicle lamp including the
socket type module light source unit, and a vehicle lamp
including at least a light emitting portion, a circuit board,
and a heat sink can be applied.

[0084] In Embodiment 1, the vehicle lamp 1 of the
present disclosure is applied to a reflective type lamp
using the reflective surface 13a (reflector 13) of a vehicle
such as an automobile. However, the vehicle lamp 1 of
the present disclosure is not limited to this, but may be
applied to a lamp using a projection lens, or may be ap-
plied to a light guide type lamp in which a light guide
member is disposed in front of the light source (light emit-
ting portion).

DESCRIPTION OF REFERENCE NUMERALS
[0085]

1 vehicle lamp

2 light source unit

3 light source

31 light emitting portion

31b light emitting portion-side terminal

31e light emitting surface

32 circuit board

32d board-side terminal

33 bonding wire

4 heat sink

41 first region

42 second region

A bonding range

Lmin minimum angle line

Lmax maximum angle line

YL vertical line

XL horizontal line

h1 height in side view of light emitting surface 31e
h2 height in side view of light emitting portion-side
terminal 31b

h3 height in side view of board-side terminal 32d
H1 height in side view of first region 41
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H2 height in side view of second region 42
X width direction (left-right direction)

Y up-down direction (vertical direction)

Z optical axis direction (front-rear direction)

Claims

1.

5.

A vehicle lamp comprising:

a light emitting portion (31) having a light emit-
ting element;

a circuit board (32); and

a heat sink (4), wherein

a front region of the heat sink (4) is divided into
a first region (41) and a second region (42), the
light emitting portion (31) is fixed to the first re-
gion (41), and the circuit board (32) is fixed to
the second region (42),

a light emitting portion-side terminal (31b) pro-
vided in the light emitting portion (31) and a
board-side terminal (32d) provided in the circuit
board (32) are electrically connected by a bond-
ing wire, and

the light emitting portion-side terminal (31b) is
disposed between a light emitting surface (31e)
that covers the light emitting element, and the
board-side terminal (32d) in front view.

The vehicle lamp according to claim 1, wherein
when an angular range that is an allowable angle
range in front view for setting the bonding wire, and
that is set by a minimum angle line and a maximum
angle line passing through a bonding center position
of the light emitting portion-side terminal (31b) refers
to a bonding range, the minimum angle line of the
bonding range is set by a first parallel line parallel to
a vertical line passing through a center position of
the light emitting surface (31e).

The vehicle lamp according to claim 2, wherein

the maximum angle line of the bonding range is set
by a second parallel line parallel to a horizontal line
passing through the center position of the light emit-
ting surface (31e).

The vehicle lamp according to claim 3, wherein

an angle in front view of the bonding wire is set to
an angle included in the bonding range and in an
intermediate angular range between the minimum
angle line and the maximum angle line.

The vehicle lamp according to claim 1, wherein

a height in side view of the light emitting portion-
side terminal (31b) is set lower than a height in
side view of the light emitting surface (31e), and
the height in side view of the light emitting por-
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20

tion-side terminal (31b) is set to a same height
position as a height in side view of the board-
side terminal (32d) or set higher than that of the
board-side terminal (32d).

6. The vehicle lamp according to claim 5, wherein

the first region (41) and the second region (42)
of the heat sink (4) are formed on a stepped
surface, and

the stepped surface is set such that a height in
side view of the first region (41), to which the
light emitting portion (31) is fixed, is higher than
a height in side view of the second region (42),
to which the circuit board (32) is fixed.
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